In this research, a heterogeneous Nano-Structured functionalized SBA-15 metformin palladium composite catalyst is reported for the selective hydrogenation of alkynes. In the first place, A series of the heterogeneous mesoporous SBA-15 metformin palladium catalyst were prepared and afterwards the condition and the ratio of used materials were optimized to give rise a suitable high performance catalyst. The final nano-structured catalyst was characterized by X-ray powder diffraction, BET surface area, FT-IR spectrophotometer, Scanning electron microscopy (SEM) and Transmission electron microscopy (TEM) and served in partial hydrogenation of different alkynes, with high selectivity and high yield. The liquid phase hydrogenation was conducted under mild condition of room temperature and atmospheric pressure. The reactions were monitored every half an hour by gas chromatography and all of them were completed during 4-6 hours. The products were characterized by 1 H-NMR, 13 C-NMR, FT-IR, and Mass Spectrometry (MS) that strongly confirmed the (Z)-double bond configuration of produced alkenes. This prepared catalyst is competitive with the best palladium catalysts known for the selective liquid phase hydrogenation of alkynes and can be easily recovered and regenerated with keeping high activity and selectivity over multiple cycles with a simple regeneration procedure.
INTRODUCTION
Highly selective heterogeneous catalysis is very crucial for extending of sustainable catalyst. Thus, the catalysts with new design to achieve highly product selectivity are strongly desirable [1] [2] . These catalysts are preferred to apply because of being recyclable and feasible use of them on fixed bed reactors. Therefore, development of new heterogeneous catalytic system with unique feature of selectivity control in a certain reaction is a main plan of modern chemistry.
Partial hydrogenation of a carbon-carbon triple bonds to double bonds is a very important synthetic reaction with high utilization both in the laboratory and on the industrial scale for the synthesis of fine and specialty chemicals [3] [4] . In recent years, application and designing of highly selective catalyst for partial hydrogenation of alkynes has attracted more attention by virtue of its importance in synthesis of intermediate products [5] [6] [7] [8] [9] . The Lindlar catalyst (the Pd on the CaCO 3 poisoned with lead (II) acetate) was the first instance of highly selective supported metal catalyst for liquid phase partial hydrogenation of alkynes to alkenes by utilizing of a suitable surface modifier basic compound such as quinoline. The role of lead in this catalyst is a dopant to promote the selective hydrogenation of alkynes to cis-alkenes while quinoline is applied to slow the reaction rate of the subsequent hydrogenation of the desired cis-alkenes to alkanes, so that achieving a very high selectivity to cis-alkenes 3 . Because of the undesirable toxic lead compounds and the soluble additive, consequently, it is necessary to develop new alternative greener heterogeneous catalysts for this type of selective catalytic reaction.
The design of a new catalyst with suitable features can be accessed by perception the basic mechanisms that result to the selective partial reduction of alkynes to alkenes over palladium catalysts, however, those are not yet fully explored. Nevertheless, much development has been achieved recently, including finding the key roles of surface [10] [11] , the amount and type of palladium hydride species [12] [13] , as well as the effect of surface modifier or additional metal dopants [14] [15] [16] . Selectivity either be controlled by thermodynamic or kinetic effects. Thermodynamic effects include changing the relative binding properties of the alkynes over alkenes whereas kinetic effects includes altering the relative rates of hydrogenation. The different experiments show that kinetic effects are less important than thermodynamic effects, as the rates of reduction of alkynes to alkenes and alkanes have nearly the same order of magnitude. Selectivity is indispensably governed by thermodynamic effects, i.e. the adsorption strength of different unsaturated C-C bond on the active sites of metal.
Selectivity can be largely influenced by applying surface modifiers that adsorb stronger alkenes than alkynes to the surface 17 . Modifiers are compounds containing N or S atoms for liquid phase hydrogenation of alkynes. Therefore, development of new catalytic systems with suitable activity and selectivity that are easily separable and recyclable, is the case that draws attention of many researchers [18] [19] [20] [21] [22] . These catalytic systems include mesoporous silica supported Pd nanoparticles [23] [24] [25] . In this work, functionalized SBA-15 metformin palladium composites are used to play three roles, the first is to promote the reacting of the incorporated Pd through the chelating metformin sites, furthermore, the improved dispersion capability of the nanoparticles and last but not least, introducing a separable, recyclable, and reusable catalyst which shows an immobilized catalyst on the surface to facilitate catalyst recovering. Contrary to cases where the organic base modifier requires removal 26 , in this research, the metformin modifier represents an important role in adjusting the selectivity of the catalyst.
The final catalyst was applied in the selective hydrogenation of different alkynes. The results approved that the heterogeneous catalytic reaction was highly selective for selective partial hydrogenation of alkynes to Z-alkenes (scheme 1).
Scheme 1. Selective partial hydrogenation of alkynes to Z-alkenes

EXPERIMENTAL
Chemical materials and characterization
All chemicals were purchased from Merck except Pluronic123, metformin hydrochloride and palladium acetate which were obtained from Aldrich. Transmission electron microscopy (TEM) images were performed using a Philips CM300 operated at 100 kV electron beam accelerating voltage. Scanning electron microscopy (SEM) measurements were obtained using a KYKY-EM3200. X-ray powder diffraction data of the synthesized catalysts were collected on a Philips XPERT diffractometer using nickel filtered Cu Karadiation k= 1.5406 Å. BET surface area analysis was carried out on a Micromeritics TriStar 3000 apparatus. Infrared spectra were prepared on a TENSOR 27 FT-IR spectrophotometer, Bruker Corporation.
1 H and 13 C-NMR spectra were recorded on a Brucker Advance spectrophotometer (250 MHz) in CDCl 3 . The mass spectra were recorded on a Finnigan-MAT-8430EI-MS spectrometer at 70 eV; in m/z (rel. %).
Preparation of functionalized SBA-15/metformin nanoparticles
The synthesis of mesoporous SBA-15 was performed according to a wellknown procedure 27 . A 100 ml round-bottom flask were introduced successively 50 ml of dried toluene, 1.00 gr of SBA-15 and 0.6 gr (2.99 mmol) of 3-chloropropyltrimethoxysilane. The mixture was refluxed for 24 h under an inert atmosphere of anhydrous N 2 , filtered and washed subsequently with toluene, dichloromethane and methanol, dried under reduced pressure at 80 o C for 10 h, and chloropropyl-functionalized SBA-15 product was obtained.
In the same another flask, to a solution of 1.00 g (5.86 mmol) of metformin hydrochloride in 30 ml acetonitrile, 0.25 gr (6.12 mmol) NaOH was added. The solution was stirred for 1 hour. Then 1.00 gr (6.03 mmol) KI and 1.00 gr of as-prepared 3-chloropropyl functionalized SBA-15 were added to the mixture and kept under reflux for 1 h, filtered and washed with distilled water and dried at 80 o C under reduced pressure to afford 0.9 gr of metformin-functionalized mesoporous SBA-15 nanoparticles.
2.3. Preparation of functionalized SBA-15/ metformin/ palladium (II) catalyst 0.5 gr functionalized SBA-15 with sillylchloropropyl and metformin was poured in 100 ml flask and then 10 ml acetone added to it. The mixture was stirred and 110 mg Pd(OAc) 2 (0.49 mmol) added to the corresponding mixture and this mixture allowed to stir 24 h in room temperature. After that, the mixture was filtered and rinsed by acetone and dried THF twice. Then the solid was dried at 80˚C under reduced pressure oven for 3 h. The resulted brownish catalyst was obtained and its structure characterized by FT-IR.
2.4. Partial hydrogenation of alkyne to corresponding alkene by functionalized SBA-15/ metformin/ palladium catalyst 100 mg prepared catalyst mixed with 100 cc methanol was poured into the flask and 20 mmol alkyne was added to this mixture. Hydrogenation set is filled with H 2 in atmospheric pressure and hydrogenating was continued for 5 h. Progress of reaction was followed each 0.5 h by gas chromatography. After the completion of reaction and disappearing of starting alkyne that took 4-6 h, crude product was filtered. The filtrate was evaporated at low pressure by rotary evaporator. The products were characterized by 1 H-NMR, 13 C-NMR, FT-IR, MS, that strongly approved the (Z)-double bond configuration of produced alkene. The results of all experimental data associated with analysis; IR, (99), 43 (100), 29 (35).
Catalyst recovering and regeneration
After completion of the reaction, the catalyst was filtered, rinsed with sufficient methanol and dried under vacuum at room temperature. Then the resulted powder was transferred into a flask and the system was purged with pure nitrogen for 15 minutes.
RESULTS AND DISCUSSION
Synthesis and characterization of functionalized SBA-15/Metformin/Pd (II)
The schematic pathways for the synthesis of catalyst are depicted in Scheme 2a and 2b. The signals appeared at 3150-3400 cm −1 region can be assigned to the N-H stretching of C=N-H group on metformin 30 . The unmodified SBA-15 spectrum in curve (b) shows the typical silica bands associated with the main inorganic backbone, the signals appeared at 1000 and 1200 cm −1 are assigned to asymmetric stretching of Si-O-Si, the peak at 1620 cm −1 is related to the bending vibration of water bonded to the inorganic backbone and signal appeared at 3430 cm −1 can be assigned to O-H stretching frequency of Si-O-H groups and/ or water in atmosphere and within porous sample. The functionalized SBA-15 spectrum in curve (c) shows the similar bands like as prepared SBA-15. In curves (d) and (e), the broad band at 1050-1250 cm −1 is related to asymmetrical stretching bond of Si-O-Si bridges, being indicative of the existence of a silica material and an apparent signal in 965 cm -1 that is ascribed to stretching bond of Si-OH 31 . Moreover, a broad signal in the range of 3150-3413 cm -1 approved the existence of free surface OH and absorbed water on the surface of catalyst and the peaks in 1465 cm -1 and 1641 cm -1 are attributed to C-N and C=N stretching bond respectively. , due to the removal of HCl when metformin is attached to the silica surface. On the other hand, the metal-ligand coordination 30, 32 presumably leads to a shift of these two peaks again to lower frequencies (1568 and 1634 cm −1 ). This shift can be observed in compare with curves (d) and (e) in Fig. 3 . On the whole, the aforementioned observations confirmed the immobilization of Pd(II) ions on the surface of SBA-15/Metformin.
The XRD pattern of catalyst shows no specific signals due to conversion of crystalline form of catalyst to amorphous morphology caused by encaging of Pd into the surface structure by eliminating of signals which were observed in three distinct diffraction peaks in low 2θ region before treating with Pd(OAc) 2 solution (Fig 4a and 4b) .
BET specific surface areas of SBA-15 and modified SBA-15 by metformin were measured in 1050 and 445 m 2 /g respectively. This result shows that the surface area of treated sample with metformin is dramatically reduced. The surface area of palladium treated functionalized SBA-15/metformin sample slightly changed and finally reached to 440 m 2 /g. It can be concluded that palladium mostly trapped by metformin instead of the void pores of SBA-15.
To assume that prepared catalyst hydrogenates different alkynes with highly selectivity to only (Z)-isomer of corresponding alkenes (scheme 1) and for confirming this theory, more than 10 different alkynes were treated by this catalyst in hydrogenation reaction and unanimously results, approved proposed assumption. Structure of reduced product characterized by FT-IR and 1 H NMR, 13 CNMR and MS spectra that were clearly in agreement with the corresponding alkenes. The results summarized in Table 1 . Reactions were completed during 4-6 h and the configuration of resulted products were determined as a cis alkenes. For example, the 1 H NMR spectrum of 2i exhibits one singlet for the same two olefin protons in 6.5 ppm that is in agreement with (Z)-structure for stilbene. Aromatic protons appeared in the region between 7-7.5 ppm with expected pattern for mono substituted benzene. FT-IR spectrum of resulted product clearly approved the conversion of triple bond to Z-isomer of double bond by strong peak appeared in 1600 cm -1 instead of signal for trans isomer that usually shifted to lower frequencies because of its better conjugation system interaction.
Catalyst regenerating and recycling
Leaching of palladium species from the catalyst support is one of the most commonplace issues for deactivation of catalyst in liquid phase reactions [33] [34] [35] .
To investigte the activity of used catalyst, the functionalized/metformin/Pd catalyst was recovered, regenerated and reused for selective hydrogenation of typical alkyne, for instance diphenylacetylene three times. The results of comparison with fresh and used catalysts in liquid hydrogenation of diphenylacetylene were summarized in Table 2 . 
CONCLUSION
In summary, we introduced a novel catalyst for selective partial hydrogenation of alkynes to (Z)-alkenes in good yield. The current method presents a simple and useful synthetic process for partial hydrogenation of alkynes because of the following advantages: (1) easily recycling of catalyst, (2) environmentally benign, (3) highly selectivity and (4) readily to prepare.
